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Abstract Although hemiarthroplasties are an important

treatment for femoral neck fractures, the literature does not

provide a clear approach for selecting the implant fixation

method. Therefore, we performed a systematic search of the

medical literature and identified 11 prospective and retro-

spective studies that compared results between cemented

and uncemented femoral implant fixation methods. After

independent blind data extraction, we compared variables

between cemented and uncemented cohorts using two dif-

ferent meta-analysis models. Pooled data represented 1632

cemented and 981 uncemented hemiarthroplasties (average

age of patients, 78.9 and 77.5 years, respectively). The

average operating room times and blood loss volumes were

95 minutes and 467 mL, respectively, for the cemented

and 80 minutes and 338 mL for the uncemented cohorts.

Postoperative mortality rates, overall complications, and

pain were similar between the two cohorts. Despite a few

potential trends, we found few statistical differences

between cemented and uncemented techniques based on

reported outcome measurements. In addition, inspection of

this literature underscored the lack of and need for consistent

and standardized reporting of outcome variables regarding

these procedures.

Level of Evidence: Level III, therapeutic study. See the

Guidelines for Authors for a complete description of levels

of evidence.

Introduction

Hip fractures, including intracapsular fractures of the

proximal femur, in elderly women are common and may be

increasing among elderly men [3]. Despite continued dis-

cussion regarding the treatment of these fractures,

controversies continue regarding their optimal treatment,

including the choice of implant and fixation method [1, 2,

11, 13, 22].

Although there is a plethora of reports concerning these

fractures, the outcome measures and treatments advocated

are inconsistent and varied [1, 2, 11, 13, 22]. Hemiarthro-

plasty remains a common and important treatment in the

United States; however, the literature does not clearly

suggest whether cementing the femoral stem enhances

outcomes [5, 7–10, 12, 14–18, 21, 23]. Systematic reviews

have been performed but are either too stringent in criteria

or do not provide quantitative assessments [15, 21]. A

recent Cochrane review included only five studies (all

randomized, prospective; two were published in abstract

form only) for analysis and data from only one or two
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studies for evaluation of almost all outcomes of interest

[21]. In this context of limited numbers of studies com-

pared, no significant differences were found.

Our objective was to provide useful quantitative

assessment of outcomes data comparing cemented and

uncemented methods as treatment for femoral neck frac-

tures by including clinically important variables that were

amenable to meta-analysis (blood loss, operative time,

perioperative and postoperative mortality, complications,

pain, and revisions) and by including retrospective and

prospective studies while using statistical methods to

account for variability in and between studies.

Materials and Methods

We (JA, LM) performed a systematic search of the English

language medical literature on cemented and uncemented

hemiarthroplasties for treatment of femoral neck fractures

in the elderly published between 1980 and August 2005.

We used the terms (fracture OR fractures OR fractured)

AND (femur OR femoral OR femurs) AND (cement OR

cemented OR cementing) AND (hemi-arthroplasty OR

hemiarthroplasty OR arthroplasty) AND (neck OR basi-

cervical OR basicervical OR sub-capital OR subcapital OR

intra-capsular OR intracapsular) to search the PubMed

databases and Cochrane Library with a resultant 190 mat-

ches. All 190 titles and abstracts were examined and those

that did not address the topics of proximal intracapsular

femoral fractures treated at least in part by arthroplasty

were discarded. This was supplemented by hand searches

of reference lists and our personal files. The final list of 120

articles agreed on by two authors (JA, ML) included 116

published articles and four abstracts not published as full

peer-reviewed manuscripts. (Supplementary materials are

available with the online version of CORR.)

We (all authors) applied preset inclusion (randomized

trial or comparison of cemented and uncemented methods,

intracapsular proximal femoral fractures, clinical outcomes

studied) and exclusion criteria (mixed age population,

average age younger than 60 years, review article, multiple

publication of identical cohort, femoral head fractures,

intertrochanteric or pertrochanteric fractures, studies with-

out extractable outcomes, fewer than 10 patients in either

group). We did not exclude appropriate cohort comparison

studies based on low Cochrane methodologic quality score

alone (Table 1). For studies published as abstracts only, we

contacted authors for provision of outcomes of interest;

however, no data were returned. Two investigators (JA,

LM) independently reviewed all studies and agreement was

obtained on 11 studies (Table 2), including three random-

ized, controlled trials and eight retrospective cohort

comparisons [5, 7–10, 12, 14–18, 21, 23].

Two investigators (SP, JS) independently performed

blind data extraction for relevant perioperative and post-

operative patient factors, including method of

randomization, implant type, fixation method, number of

patients and hips, gender, age, operative time, blood loss,

Table 1. Methodologic quality of included studies

Score* Authors Year Score

4 Eiskjaer et al. [7] 1989 (Parker and Gurusamy 2006 [21])

4 Holt et al. [12] 1994

5 Lennox and McLauchlan [17] 1993

3 Gebhard et al. [10] 1992

4 Lausten et al. [16] 1987

4 Lo et al. [18] 1994

6 Sonne-Holm et al. [23] 1982 6

6 Dorr et al. [5] 1986 6

8 Emery et al. [8] 1991 8

6 Khan et al. [14] 2002

2 Foster et al. [9] 2005

Branfoot (from Parker and Gurusamy [21]) 2000 8

Harper (from Parker and Gurusamy [21]) 1994 3

4.7 Average 6.2

6.9 Average minus maximum� 5.8

* Based on Cochrane 12-point index for methodologic quality of clinical studies; scores on the left represent studies included in this report; those

on the right are from the meta-analysis by Parker and Gurusamy [21]; �average of values in which the points given on the Cochrane index were

subtracted from the total points possible; for the study by Holt et al., items 1 and 9 in the Cochrane index were not applicable.

2514 Ahn et al. Clinical Orthopaedics and Related Research

123



mortality, all complications, revisions (all procedures for

any reason as reported by authors), hospitalization days,

discharge disposition, followup, subsidence, radiolucency,

heterotopic ossification, hip scores, pain (presence or

absence), and use of assistive devices. Methodology quality

was assessed (JA, LM) using the 12-point Cochrane system

[20, 21].

Pooled data from 11 studies were comprised of 1632

cemented and 981 noncemented hemiarthroplasties (1568

patients in the cemented group and 930 patients in the

uncemented group). The average reported age of the

patients was 78.9 years for cemented and 77.5 years for

uncemented cohorts (n = 7). Males comprised 38.5% and

45.2%, respectively. Outcome variables that were reported

in a comparable manner among at least three studies (cri-

teria set a priori) were included in the meta-analysis.

Variables such as comorbidities, intraoperative pulmonary

emboli, and ASA scores did not meet these criteria. Also

implant types were not included for analysis as they were

not consistently and unambiguously reported. We com-

pared differences in variables meeting inclusion criteria

(perioperative, intermediate, long-term mortality; postop-

erative complication; pain; revision surgery; estimated

blood loss; and operative time) in the cemented and

uncemented cohorts using a fixed effects (FE; Mantel-

Haenszel) model and a random effects (RE; DerSimonian

and Laird) model to control for increased study heteroge-

neity [3, 18]. The FE model assumes that all studies

draw from essentially the same sample and have one true

affect; therefore, a single study’s influence on the model is

related to the sample size of the study. The RE model

assumes that studies draw from different samples and

have different true effects (heterogeneity); the influence of

one study on the model relies less on sample size contri-

bution but to various factors. The RE model is typically

(but not always—see Fig. 1) the more stringent of the two.

Increased heterogeneity was tested using the Cochrane Q

test with p \ 0.10 generally signifying significant hetero-

geneity) [6]. We used both models because some

variables appeared more appropriate for the FE and others

for the RE model (according to the Q test) and because the

results of the two models could be compared with each

other as another gauge of study to study variation; when

Pooled Relative Risk

Patient Parameter Random Fixed N Q

Perioperative Mortality (< 1 month) 0.415 0.255 3 0.51

Intermediate Mortality (1-3 months) 0.642 0.953 4 0.08

Long-term Mortality (> 3 months) 0.932 0.014 5 0.00

Complications (all inclusive) 0.133 0.133 6 0.00

Revision 0.085 0.013 3 0.15

Pain (presence) 0.274 0.382 5 0.02

P Value

0 0.5 1 1.5 2

Cemented                          Uncemented

Fig. 1 The overall pooled rela-

tive risk using a RE model is

shown. Relative risk (RR) is

represented graphically with

95% confidence interval bars.

The RR favoring the cemented

cohort is left of the vertical bar

and the uncemented cohort is on

the right. Probability values for

RE and FE models and number

of studies included in pooled

data are shown. Column Q shows

the p value of the Cochrane’s Q

test for heterogeneity.

Table 2. Screening and identification of studies to include for

analysis

Type of article Number of studies

Initial search

Review article 9

Case report 15

Letter 1

Mechanical experiment article 5

Surgical technique article 1

Experimental article 1

Multiple publication 1

Data not extractable 0

Without population of interest 22

Without treatment of interest 38

Without outcome of interest 4

Meets criteria for further reading 19

Abstracts for further reading 4

Total 120

Secondary screening

Without population of interest 0

Without treatment of interest 3

Without outcome of interest 1

Unable to obtain article 1

Meets criteria for further reading 14

Total 20

Detailed reading

Data not extractable 4

Abstracts (contacted authors) 4

Duplicate data 1

Data appropriate for extraction 11
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there is lesser between-study variation, the results of the FE

and RE models are similar. Relative risk, p values, and

95% confidence intervals are reported. Analysis was

performed with a commercial statistical package (STATA;

StataCorp LP, College Station, TX). Significance was set at

p \ 0.05.

Fig. 2A–F Forest plots of the pooled RR for (A) perioperative

mortality (less than 1 month), (B) intermediate followup (less than

3 months), (C) long-term followup (6 months and greater), (D) all

complications, (E) revision, and (F) pain are shown. Each

contributing manuscript (with summary effect at bottom) is shown

with 95% confidence intervals for the RR (X axis) and percent weight

contributing to the RE model.
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Results

Relative risk of postoperative outcomes for mortality,

complications, and pain were similar between cohorts.

Mortality rates at intermediate (up to 3 months after sur-

gery) and long-term (6 months or greater) followup

(Figs. 1, 2A–B) also were similar (p [ 0.05) between

cohorts, as was perioperative mortality (less than 1 month)

(p [ 0.05) (Figs. 1, 2C). Total postoperative complications

and persistence of pain did not reach statistical significance

between groups (Figs. 1, 2D–E). The revision rate was

lower (p = 0.01) for the cemented cohort (Figs. 1, 2F; FE

model).

Two operative parameters of blood loss and surgical

time were lower for the uncemented cohorts (Table 3). The

weighted average blood loss was 476 mL for the cemented

and 338 mL for the uncemented groups. Surgical time was

greater for the cemented cohort than the uncemented

(95 minutes versus 80 minutes, respectively) (Table 3).

Discussion

Accumulating evidence should allow for better outcomes-

based decision-making for treatment of hip fractures in

elderly patients. Hemiarthroplasty is an often-chosen

option for treatment of a displaced intracapsular proximal

femoral fracture, but clear guidelines are difficult to

establish because of considerable variability in the litera-

ture and the dearth of randomized, controlled trials [1, 2,

11, 13, 22]. In this context, we performed a systematic

review of prospective and retrospective studies comparing

the clinical outcomes (blood loss, operative time, periop-

erative and postoperative mortality, complications, pain,

and revisions) of cemented and uncemented hemiarthro-

plasty techniques and report the results of a meta-analysis

of the pooled data using FE and RE modeling.

As with other systematic reviews, the results are limited

by the availability and quality of available data. First, our

analysis is limited by the high variability in and between

reports used. All but two of our examined patient outcomes

(perioperative mortality and revision) had considerable

heterogeneity. We attempted to partially account for this by

using a random effects model and a standard FE model of

meta-analysis. This underscores the need for uniformity in

outcomes measurement methods and better controlled

cohorts in clinical orthopaedic research. The result will be

not only improved studies in general, but also enhanced

ability to use studies collectively to obtain valid conclu-

sions. Second, we included (1) a long time (more than two

decades); (2) different types of prostheses during that time;

and (3) different prostheses in the same study. We believed

it important to include these studies (as long as they

compared cement versus no cement) spanning decades and

including varying implants because they represent our

body of literature; these are the papers we turn to when

considering the use of cement. By expanding our inclusion,

this study represents a systematic analysis of the best our

literature has offered on this topic in numbers that make

our conclusions useful. The methodologically best study

will not yield the best comparison. A randomized trial in

which the same prosthesis is implanted with and without

cement betrays our current standards of practice, the

implantation of a press-fit stem without cement, and the use

of a smooth cemented stem with modern cementation

techniques. Third, the considerable number of prospective

trials published in abstract form only (no full peer-

reviewed paper) begs the question of publication bias. The

dearth of comparable data points between reports pre-

vented formal evaluation of this bias.

Our analysis suggests increased operative time and

blood loss for the cemented technique; one therefore might

speculate patients having increased operative times and

blood losses would experience a higher risk for early

postoperative mortality using this technique although we

found no such risk. We found no advantage for either

approach regarding mortality at intermediate to long-term

followup, postoperative complications, and pain; however,

Table 3. Pooled demographics and select treatment parameters

Variables Cemented Uncemented Number of studies p Value

Fixed* Random*

Number of hips 1632 981 11

Number of patients 1568 930 10

Average age (years) 78.9 77.5 7 NS NS

Percent male 38.5 45.2 5 NS NS

Length of stay (days) 19.37 19.07 3 NS NS

Operative time (minutes) 96 80 5 \ 0.001 \ 0.002

Blood loss (mL) 467 338 4 \ 0.005 0.071

* Cohorts compared using a FE model (Mantel-Haenszel) and a RE model (DerSimonian and Laird); NS = not significant.
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the revision rate was higher using the FE model. In dis-

tinction to the suggestions of the study of Parker and

Gurusamy [21], our evaluation suggested no difference

between the two cohorts regarding postoperative pain.

Despite the limitations, we believe the analysis offers

useful conclusions based on available evidence; there were

few differences between cemented and uncemented tech-

niques for outcome measurements currently reported in the

literature. We found only trends favoring the cemented

cohort with regard to middle- to long-term mortality,

overall complications, need for revision, and postoperative

pain but none were significant and each trend requires

further study to confirm or refute. Our data also indicate

that despite decades of collective experience, the literature

does not provide clear and convincing answers to many

questions regarding stem fixation in the treatment of a

common orthopaedic injury. We need to more carefully

consider issues of long-term outcomes and intraoperative

and perioperative factors and report them in a reliable,

consistent, and standardized manner.
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